grades in Duchenne's muscular dystrophy. Phys Ther. 1992;72:115-126 Physical therapists frequently use the manual muscle test (MMT) to clinically assess patients with neuromuscular deficits. Manual muscle testing was developed by Lovett and described by Wright' in 1912. This technique has been revised, advanced, and promoted, resulting in several methods from which to c h o~s e .~-'~ Though each method has differing scales and symbols to represent grading criteria, include gravity, the extent of arc of movement against gravity, and the The studies during the poliomyelitis era were descriptive in nature and most often addressed the reliability of a composite score, weighted by a factor that assessed muscle bulk, rather than analyzing grades for individual muscle groups o r individual grades within a particular scale. The studies from this era, though informative, do not directly apply to today's clinical or research settings. Other publications have addressed factors that may influence the variability of MMT grades"J8 or have reviewed the general topic of manual muscle testing.lS2l The reliability of MMT grades as a measurement tool for analyzing strength as defined by the various methods2-11 has not been established in regard to individual muscle groups or individual grades within specific patient populations.
between the methods include positioning, stabilization, application of force, and extent of subdivision among the major categories of grades.
The methods of testing and grading muscle strength described by Kendall and McCreary9 and Daniels and Worthinghamlo are most often used by physical therapists in the United States. Neurologists appear to most often use the scale proposed by the Medical Research Council (MRC).ll All three methods have six basic categories for grading of muscle strength. Daniels and Worthingham use words (Normal, Good, Fair, Poor, Trace, or Zero) or letters (N, G, F, P, T, 0) to symbolize their basic grading categories. They have added the use of a plus or minus sign to the basic grade to denote a greater or lesser amount of resistance or range through the motion. Kendall and McCreary use percentages, as defined by their grading criteria. Traditionally, the MRC scale has used the numeral grades 0 to 5, but, according to the scale's gudelines, use of the plus and minus subdivisions within the grade 4 may be helpful.
Aside from its use with patients with poliomyt:litis, little information is available regarding the reliability, validity, or utility of the various MMT techniques in either clinical or research setting~ or within various age groups or patient populations. Minimal attention has been given to documenting the reliability of either MMT grades obtained for individual muscle groups or individual muscle strength grades.
Several studies published during the poliomyelitis era address the role of physical therapists and MMT in drug trialsl2-14 and the standardization and reliability1416 of MMT grades in the clinical research setting. Gonnella and colleagues,l2 in 1953, discussed in detail the physical therapist's function as a member of the research team with the primary responsibility of muscle evaluation using MMT. The reliability of the testing procedures implemented was not addressed.
In 1954, Lilienfeld and colleagues15 addressed the interrater reliability of MMT grades and the assignment of a factor describing muscle bulk as used in gamma globulin trials. All examiners had the same orientation to muscle testing procedures for this study, though their educational backgrounds differed (43 physical therapists, 23 physicians, and 8 nurses). A total of 45 individuals with poliomyelitis were examined, and a total of 65 muscles per patient were graded. The average differences in muscle strength scores between examiners ranged from 3.0% to 9.1%. Lilienfeld and co-workers felt these results indicated their system of muscle testing had a high degree of reproducibility among examiners with differing educational backgrounds but similar orientation to the specific methods of testing for their study.
At the Second Congress of the World Confederation for Physical Therapy in 1956, Lucy Blair13 discussed the role of the physical therapist as an evaluator in the poliomyelitis vaccine field trials. This discussion addressed the interrater reliability of MMT grades, because investigators conducting a nationwide study on muscle testing had analyzed data from 38 physical therapists grading 82 muscle groups per patient, with the total number of patients not being stated. These physical therapists had determined an index of involvement that was based on the MMT grade multiplied by a factor that had been assigned according to muscle bulk. Two examiners grading the same patient agreed with 70% of the grades scored, and, in 95% of these instances, their agreement was within one muscle grade.
In 1961, Iddings, Smith, and colleaguesl4J6 described and reported the reliability of grades obtained with a numerical index used in the clinical research of poliomyelitis. This numerical index was based on the MMT, and a factor was assigned according to the bulk of the muscle. The authors' description of this numerical index addresses the reliability of the grades in a large-scale research project. The reliability was determined with three studies involving 13 physical therapists. They analyzed the intrarater and interrater reliability of MMT grades obtained in clinical practice. The interrater reliability was reported as 45.3% for complete agreement and as 90.6% for agreement within one muscle grade. Two of the 13 physical therapists retested the same patient, with intrarater reliability being 54% and 65% for complete agreement and 96% and 98% agreement within one muscle grade. Iddings, Smith, and colleagues concluded that, despite differences in training and testing techniques, the MMT grades were reliable in the clinical setting.
The studies during the poliomyelitis era were descriptive in nature and most often addressed the reliability of a composite score, weighted by a factor that assessed muscle bulk, rather than analyzing grades for individual muscle groups o r individual grades within a particular scale. The studies from this era, though informative, do not directly apply to today's clinical or research settings. Other publications have addressed factors that may influence the variability of MMT grades"J8 or have reviewed the general topic of manual muscle testing.lS2l The reliability of MMT grades as a measurement tool for analyzing strength as defined by the various methods2-11 has not been established in regard to individual muscle groups or individual grades within specific patient populations. Some authorsl9.22 have indicated that the criteria for grading muscle strength is relatively specific for the grades of Fair (MRC 3) and below, but question the subjectivity of the grades Good (MRC 4) and Normal (MRC 5). Stuberg and Metcalf23 suggest the variability of the grades Good through Normal may be increased because of the absence of an operational definition of "normal strength." They and others24,25 suggest that the use of instrumentation may eliminate the subjectivity of grading within these ranges of muscle strength.
In 1970, Silver et alZ6 described the MMT for use in the clinical research setting with patients with renal dis-ease. The standardized test was administered to 20 nondisabled subjects by three evaluators who assessed 12 muscle groups per subject using the MMT method of Daniels and Worthingham.10 There was complete agreement among evaluators for 67% of muscles tested and 97% agreement within one half of a muscle grade.
In 1987, Frese et a127 examined the interrater reliability of MMT grades obtained by assessing middle trapezius and gluteus medius muscle strength in the clinical setting. Eleven staff physical therapists, with an average of 2.3k1.2 years of experience, performed the muscle testing on 110 patients referred for physical therapy. The therapists were allowed to use any method of testing with which they felt comfortable, including the methods of Kendall and McCreary9 and Daniels and Worthingham.10 Cohen's weighted Kappa was used to determine the interrater reliability, with coefficients ranging from . l l to .58, revealing poor agreement. Their conclusions indicated that the use of the MMT to make accurate clinical assessments of patient status was of questionable value. In this study, the sample was not strictly defined and the positions and procedures for testing were not standardized between examiners. This design probably gives us a realistic idea of the interrater reliability of grades in current clinical practice, but it does not address the reliability of MMT grades as a measurement tool in the research setting.
Ziter et alZ8 used the MMT to assess muscle strength in patients with Duchenne's muscular dystrophy (DMD) and to document change in muscle strength over time. The authors described the MMT as a useful measure for documenting disease progression and suggested it be incorporated into clinical studies and therapeutic trials. Reliability of the MMT grades was not addressed.
Florence et a129 described the intrarater and interrater reliability of a total muscle score used in the assessment of strength in a group of boys with DMD. This composite score was used to define the natural history of strength loss in patients with DMD3083l and as an outcome measure for documenting the effectiveness of various pharmacologic agents in the treatment of patients with DMD.32-36 This composite score served its purpose because systemic effects of various oral medications were being assessed.
The development of myoblast transplanP7 places greater importance on individual muscle group assessment. Myoblast transplant is a potential therapy for genetic muscle diseases in which normal precursor cells are injected into the affected muscle tissue for the potential purpose of integrating with abnormal cells, altering their composition, and regenerating normal muscle cells.38 Because myoblasts are injected within isolated muscle groups, one must assess individual muscle group strength in order to assess the clinical effect of myoblast transfer. We therefore believe it is imperative to address the reliability of MMT grades of individual muscle groups in a population of boys with DMD.
Documenting the reliability of measurements is of particular importance in the assessment of children with DMD because this is a population with which a high rate of intellectual impairment and emotional disturbance has been associated.39 These factors may influence the level of cooperation and hence the reliability of the physical assessment. Based on comparisons of voluntary versus electrically stimulated contractions, variability in muscle force measurements has also been documented and attributed to physiologic factors rather than to motivation o r voluntary effort.40
The purpose of this study was to document the intrarater reliability of MMT grades, using the MRC scale" as a measurement tool, in assessing the strength of individual muscle groups in a sample of boys with DMD. The two research questions were (1) What is the intrarater reliability of individual MMT grades? and (2) What is the intrarater reliability of MMT grades obtained for various muscle groups?
Method

Subjects
Subjects were 102 boys, aged 5 to 15 years, with a diagnosis of DMD. All subjects were participants in the Clinical Investigation of Duchenne Dystropy (CIDD) Group study, a multicenter, collaborative investigation of DMD. As CIDD Group study participants, all subjects fulfilled study entry criteria, with the major inclusion criteria being (1) male, (2) onset of weakness before 5 years of age, (3) proximal weakness, and (4) serum creatine kinase at least 10 times normal at some stage of the disease. Informed consent was obtained from the parents of all boys prior to participation in the study at each of the collaborating centers.
All subjects were participants in a double-blind, placebo-controlled trial examining the effects of prednisone on muscle strength.41 For the purposes of this trial, muscle strength was operationally defined by the MMT grades given. A previous prednisone trial36 had reported an increase in muscle strength after 6 months of prednisone treatment in an open therapeutic trial using historical controls.42 The present study was designed to clarify those results and document the reliability of the evaluation procedures.
All subjects were required to be able to cooperate and perform the MMT. Muscle strength grades ranged from 0 to 5. Subject characteristics and functional abilities are summarized in Table 1 .
Examiners
Four examiners representing four institutions participated in the intrarater reliability study. All examiners were physical therapists with 16 to 20 years of experience, including 10 to 15 years of specialty experience in neuromuscular disorders. All examiners have been involved with the CIDD Group as clinical evaluators for the past 10 years and have served as consultants for each center's neuromusPhysical TherapyNolume 72, Number 2Pebruary 1992 - 
Data Analysis
Data were analyzed using the weighted Kappa, as described by Cohen,43 to determine the reliability of individual MMT grades and grades obtained for individual muscle groups. Cohen's Kappa is a reliability index used for nominal and categorical data. Kappa is a chance-corrected measure of agreement in which all disagreements are given equal weight. In contrast, the weighted Kappa takes into account the degree of disagreement among raters. Weighted Kappa differentially weighs discrepancies between pairs of scores so that the further apart the two scores, the more effect that observation has on lowering the reliability. The weights used in this analysis were equal to the number of grades separating a pair of scores. Thus, an observation in which a muscle was scored the same on both visits would have a weight of 0, an observation in which the muscle was scored 3 on the first visit and 3 + on the second visit would have a weight of 1, and so on.
In estimating the reliability of grades within individual muscle groups, data were organized by collapsing the data across the sides so that each subject contributed up to six observations for each paired muscle (two Assessment of the reliability of individual muscle strength grades was made by using a modification of Cohen's Kappa, as described by Cicchetti and colleague^.^^ The data were arranged so that each subject contributed up to 102 paired observations on 34 muscles on three separate occasions, resulting in a data set with 9,427 paired observations after removal of missing data. intrarater reliability of the total muscle score for comparison with our previously published results.29 The total muscle score is determined by transforming individual muscle grades to a 10-point scale (5=10, 5-=9, 4+ =8, and so on), adding all converted scores, and using that sum for comparisons. Though muscle scores are ordinally scaled, parametric analysis of the overall total muscle score was deemed appropriate because of its linear relationship to other variables previously documented in the DMD p~p u l a t i o n .~~ Reliability denotes the stability of the measure and whether one can obtain similar measurements of the same variable on separate occasions. There are no universally accepted standards for reliability, but the following criteria have been proposed by Landis and Koch47 for interpreting agreement of Cohen's Kappa statistics: <.00, poor;
.00-.20, slight; .2 1-.40, fair; .41-.60, moderate; .61-.80, substantial; .81-1.00, almost perfect. In interpretation of the ICC, F l e i s~~~ states that >.75 is excellent. Nunnallp9 states that the minimally acceptable reliability for a scale depends on the use of the measurement. Nunnally proposes that reliability of around .80 is sufficient in basic research, but that if decisions are based on individual test scores, one should attempt to attain a reliability of .90.
Intrarater reliability of MMT grades obtained with the modified MRC scale for individual muscle groups, as determined by the weighted Kappa, is shown in Table 3 . Grades of proximal muscle groups were more reliable than were grades of muscle groups located distally. The distal upperextremity musculature was graded less reliably than the distal lowerextremity musculature.
Intrarater reliability of MRC grades 0 to 5, as determined by the weighted Kappa, is shown in Table 4 , along with the number of assignments within each grade. The reliability varied among individual grades, with grades in the gravity-eliminated position having the highest reliability values. The ICC (1,l) for the total muscle score was .99, which confirms previously published data.29
Manual muscle testing, using the MRC scale, provides reliable grades for the assessment of strength of individual muscle groups within a sample of boys with DMD when tests are repeated within 5 days by the same examiner. Intrarater reliability ranged from .65 to .93. The weighted Kappa values for the proximal muscles were more consistent than those for the distal muscles, and the weighted Kappa values for the lower-extremity muscles were generally more reliable than those for the upper-extremity muscles. The range of reliability could be attributed to amount of effort, understanding, o r cooperation, particu-- larly in this pediatric sample. Based on comparisons of voluntary versus electrically stimulated comparisons, however, variability in muscle force measurements has also been attributed to physiological factors.40
The less reliable grading in the distal musculature could be attributed to joint contractures such as the equinovarus deformity at the ankles and shortening of the wrist and finger flexor musculature that are often found in patients with DMD. These joint contractures not only limit appropriate positioning for the individual muscle tests, but they also limit the available range of motion (ROW through which the muscle may work. These contractures and the less available ROM may have a greater effect on the distal than on the proximal musculature. For example, a 40-degree wrist o r hip flexion contracture would leave one with 50 degrees of motion at the wrist versus 120 degrees of motion at the hip. The lower reliability values obtained for the upper-extremity muscles in this study confirm the results of a previous study of patients with DMD in which Physical Ther .apyNolume 72, Number 2/February 1992 the ICC for the upper-extremity composite score was less than the ICC for the lowel--extremity composite.29
Though weighted Kappa values for intrarater reliability varied among individual muscle groups (.65-.93), all had substantial agreement or better.47 Combining the individual muscle groups to obtain a total muscle score resulted in even better intrarater reliability (KC= .99). Use of a composite score for patient follow-up may eliminate information regarding individual muscle group assessment, but it also eliminates the variability in individual muscle group analysis and creates a more stable measure when attempting to follow muscle strength changes in individua.1 patients over time when there has been systemic intervention. It appears this finding has been utilized previously in the documentation of therapeutic intervention in patients with poliomyelitis. 12-l6 Intrarater reliability varies among individual muscle grades with those in the gravity-eliminated position (MRC 0-2) grading most reliably (8.97 ). This finding differs from that of Frese and c0lleagues,~7 who found poor interrater reliability in grades below Fair; similarly, Beasley21 found poor differentiation in grades below Fair. These grades were the only categories that had no subdivisions (no plus or minus designations) and were strictly defined, but Frese and colleagues also stated that "compressing the scores by eliminating pluses and minuses did not appreciably change the interrater reliability ~oefficients."~7(p~~~*)
The strength grading subdivisions in which gravity and resistance are factors in determining the MMT grade have come under much ~r i t i c i s m ,~~"~~ because they require judgments beyond assigning the original grade on the part of the examiner. The weighted Kappas for the MRC grades 4-to 5 ranged from .83 to .94, which demonstrates substantial ag1-eement.~7 These grades are less reliable than those given in positions in which the factors of gravity and resistance have been eliminated but, we believe, are still acceptable for measurement in the clinical trial setting.
Stuberg and MetcalP3 have suggested that the subjectivity inherent in MMT grades in the Good to Normal range (MRC 4-5) can be eliminated with the use of instrumentation. They used a hand-held myometer to measure force in eight muscle groups of 14 boys with DMD and reported reliability coefficients ranging from .83 to .99. The reliability coefficients in our MMT study ranged from .83 to .93 in the Good to Normal range (MRC 4-5). Studies relating to the sensitivity (ie, ability to measure change over time) of these methods of measurement of muscle strength are needed to determine the most useful method for documentation, as both methods appear reliable in the assessment of boys with DMD.
The lowest reliability coefficient for an individual muscle grade in this study was .80, with a grade of 3+.
The definition of this grading subdivision in our study required considerable judgment by the examiner because this grade indicates that the muscle "is capable of transient resistance, but collapses abruptly." This grade, however, may represent such a transitional state that there may be real fluctuations in performance on a day-to-day basis.
The major differences between our study and various other MMT references in the literature include our documentation of intrarater reliability, our documentation of MMT grades for 18 individual muscle groups, and our use of a total muscle score as compared with other studies that examined only one o r two muscles individually o r used a composite score that included factors other than muscle strength. Our study was population specific. All examiners had extensive training in working with the DMD population in regard to the specific testing protocol, with all positions and procedures strictly defined. It may be that having one individual in each institution perform all testing and having specific training and strict adherence to the required protocol influenced the level of reliability of the MMT grades, as all measures of muscle strength in this sample had substantial agreement.
One limitation of this study was the fact that all patients could not be tested in all positions, either because of severity of contractures o r because of discomfort of the testing position secondary to the severity of the disease. A second limitation is that MMT strength measurements of individual muscle groups are scaled ordinally, thus suggesting that nonparametric statistics should be used. This was the case for using Kappa when analyzing the individual muscle groups and MRC grades, whereas the derived total muscle score appeared to have satisfactory interval properties, deeming parametric statistics appr0priate.5~
Clinical lmplications
Controversy exists in the literature over the use of the MMT as a measurement tool in the documentation of muscle strength. Our study suggests that MMT grades obtained with the MRC scale are reliable when recorded by the same trained examiner in a sample of children with DMD. The degree of reliability depends on the muscle group being tested and the specific grade being given. If MMT grades are to be used to make clinical decisions, we recommend that their reliability be documented within the various MMT methods, age groups, and patient populations.
Some authors have suggested that MMT grades below Fair (MRC <3) are not reliable2',27 and that grades of Good (4) and Normal (5) are subjective." Our study suggests that we need to be most cautious of the grades Fair (3), Fair plus (3+), and Normal minus (5-) and that the most reliable grades are those made with the factor of gravity eliminated, though we believe all grades' reliability coefficients were adequate for the clinical research setting.
The MMT is shown to yield reliable grades within individual muscle groups, but reliability varied proximal Physical Therapyh'olume 72, Number 2flebruary 1992 to distal within an extremity. The best agreement was shown when MMT grades for individual muscle groups were combined into a total muscle score. This finding suggests the most stable measure for documenting muscle strength in systemic diseases o r with systemic interventions is a composite score.
The reliability obtained in a sample of boys with generalized muscle weakness and a high incidence of intellectual impairment and emotional disturbance suggests that the MMT could be adapted and administered to yield reliable results from patients with a variety of diseases.
Though the MMT, using the MRC scale, has been shown to yield reliable grades when administered by the same examiner in the clinical research setting in a sample of boys with DMD, this study has not addressed the validity o r sensitivity of the measure in documenting change over time o r how applicable o r sensitive the measure is as compared with other methods of testing muscle strength and performance.
Conclusion
The MMT grades obtained in this study, using the MRC scale as a measurement tool, were reliable when recorded by the same examiner in the clinical research setting in a population of boys with DMD. High intrarater reliability was found for both individual MMT grades and for grades obtained for individual muscle groups. Though reliable, the range of grades emphasizes the importance of documenting the reliability of various MMT methods within various age groups and patient populations.
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We are grateful to Anthony Delitto for conceptual and editorial advice, to Patti Nacci for assistance in preparation of the manuscript, and to the CIDD Group, which includes the University of Rochester (Shree Pandya, Richard T Moxley, Robert C Griggs), The Ohio State University (Wendy M King, Linda C Signore, Jerry Mendell), Both of these articles support the necessity of using sound measurement techniques in clinical practice. As clinicians, we are asked to accurately evaluate patients and interpret these evaluations. Use of appropriate measurement methods allows the physical therapist not only to make a positive contribution to the health care of the patient, but also to document the efficacy of physical therapy practice. Such documentation is important because it adds to the scientific body of knowledge defining the profession of physical therapy. It also provides a measure of change in the patient's status, which is important for clinical decision making during a patient's treatment and for justifying reimbursement in today's health care system. Both articles address the importance of using reliable, valid evaluation methods to document muscle strength in patients with Duchenne's muscular dystrophy. As is discussed by both groups of authors, new experimental medical treatments for this progressive muscle disease are being introduced. Muscle weakness is an important marker of the progression of Duchenne's muscular dystrophy. Clinically, a need exists to accurately document the progression of the disease and to measure the effectiveness of techniques such as myoblast transfer in checking the disease progression.
It is encouraging that both groups of researchers found their method of measuring muscle strength to yield reliable results. One group used manual muscle testing to measure muscle strength. Although manual muscle testing is a commonly used clinical tool, the reliability of data obtained by this method has been questioned in the literature. Because manual muscle testing rates muscle strength using an ordinal scale of measurement, this method is not able to discretely document degrees of change. The other group of researchers has developed a method of quantitatively measuring muscle strength using a strain gauge. Although this technology is not currently available for widespread use clinically, it may reflect the wave of the future.
Florence and colleagues used manual muscle testing to measure muscle strength. Their article emphasized the importance of using standard positions and procedures for testing. By standardizing the muscle testing format, periodically reaffirming interrater reliability of the examiners participating in the study and evaluating intrarater reliability, this group of researchers has made an important contribution to physical therapy practice. They chose to use a modified version of the Medical Research Council (MRC) scale for scoring the muscle test. This is not the most commonly used method of testing and grading muscle strength within physical therapy, but it is a very appropriate choice in that it fosters communication between physicians and therapists by using common language and methodology.
Brussock and colleagues used a strain-gauge protocol to measure muscle strength. Their protocol demonstrated interrater reliability, intrarater reliability, and the ability to appropriately discriminate between Physical Therapy/Volume 72, Number 2February 1992 individuals with normal muscle strength and individuals with weakness secondary to Duchenne's muscular dystrophy. Within their methodology, they have pointed out the importance of quantifiable measurement methods. The strain-gauge system they used also appears to have the ability to measure even small differences in force generation. Although this study is limited by its small sample size, it identifies several areas for further research.
These two studies can be compared and contrasted from the perspective of validity. Florence et a1 have presented a study with substantial external validity. By using a multicenter design, they have been able to test a large sample of children with Duchenne's muscular dystrophy (N= 102).
Their data set of 9,427 paired observations used to document intrarater reliability makes a very strong statement. Brussock et a1 have developed a protocol with very strong internal validity. The instrumentation and protocol they used appears to have less built-in error than does the use of manual muscle testing. Their strain-gauge study demonstrates that discrete, quantitative measurements of muscle force can be obtained. The generalizability of this study, however, is limited by the need for special equipment and by the small sample size.
The results of both studies statistically support the reliability of these methods of measuring muscle strength. Florence et a1 have appropriately used Cohen's Kappa to analyze the data obtained from the ordinal measurement scale of the manual muscle test. Their findings reflect very good reliability using this statistical method. Brussock et a1 have used the intraclass correlation coefficient (ICC), supported by the standard error of measurement (SEM). These methods can only be used with interval or ratio scales of measurement, such as that used by the strain-gauge method.
Data from interval or ratio scales of measurement can be manipulated mathematically, because each score or rating on the scale is separated from neighboring scores by an equal and known interval. Therefore, a score of 8 is twice as great as a score of 4. Another way of visualizing this is to consider that 8 lb, is twice as heavy as 4 lb.
I do wish to express concern about Florence and colleagues' use of the ICC to calculate the intrarater reliability of a total muscle score obtained from the manual muscle set. The ordinal measurement scale is certainly ordered, but it does not support mathematical manipulation. Transforming the modified MRC muscle score scale grading to a 10-point scale and then adding the converted scores to obtain a total muscle score does not logically seem possible. A converted score of 8 would then reflect a 4+ on the modified MRC scale. This grade would imply the ability to hold a joint against moderate to maximal resistance. Likewise, a converted score of 4 would reflect a 3 on the modified MRC scale.
This gl-ade implies the inability of the muscle to hold against resistance, although it can move the joint fully against gravity. Logically, I cannot see how the converted score of 8 This example is offered to describe the need to use appropriate statistics for appropriate types of data. The use of parametric statistics with nonparametric data is a common problem in physical therapy and rehabilitation research. I would like to refer the readers of this commentary to a recent article by Merbitz et al' regarding the frequent misuse of ordinal scales in making clinical inferences regarding patient status o r effectiveness of treatment. As pointed out in this article, misinference not only may lead to inaccurate perceptions of treatment effectiveness, but may also give inaccurate labels to markers of patient "progress." If these inaccurate markers are then accepted by legislative bodies or third-party payers, they may also have a negative economic impact on physical therapy practice.
In closing, I would like to thank both groups of researchers for their contributions to the body of knowledge regarding measurement and muscular dystrophy. Only when we follow their example and take the need for standardized, reliable measurement more seriously can we make a significant contribution to health care. This is important not only for physical therapists working with individuals with muscular dystrophy, but for all physical therapists. I thank Donna Cech for her thoughtful comments, and I also thank Pbysical Therapy for the opportunity to respond to these comments. Much has been written recently in the literature on muscle force testing using various measurement systems. Rather than repeat the strengths and weaknesses of each of these studies, I would like to comment on a broader topic that I believe is reflected in Pbysical Therapy's choice to place our article and that of Florence and colleagues in the same issue.
Author Responses
The focus on measurement in physical therapy is a reflection of its significance to the advancement of our profession. Indeed, one of the most important catalysts for developing new treatment frameworks and approaches has been recent advances in measurement. The Foundation for Physical Therapy's I1 Step Conference and its proceedings were, in part, the result of improvements made on the measurement of balance. Data obtained on balance using definitive measurement techniques provided investigators with the knowledge base to question our traditional theories and develop newer ones. The goal of the I1
Step Conference was to integrate contemporary theories with the traditional approaches.1 Thus, it is not surprising that we have within this issue a representation of the traditional method of force measurement as well as the presentation of a novel technique.
Florence et a1 have presented a study that evaluates the capability of therapists to measure force generation using a "hands-on" technique. Their study supports the use of manual muscle testing (MMT), a method of force measurement frequently performed in the clinic by physical therapists to evaluate children with Duchenne's muscular dystrophy. Our research, however, examines the use of an alternative method of measuring isometric force in children using a strain gauge. Currently, this technology is not widely available in physical therapy departments. In my opinion, however, the cost ($7,000) is minimal in view of the relatively large increase in precision of measurement obtained by use of the strain gauge over MMT.
The proliferation of technology in physical therapy clinics for the measurement of force, I believe, reflects the emerging dissatisfaction with MMT. As is accurately stated by Ms Cech, MMT is not able to document change with adequate precision or sensitivity. The ability of our system to measure isometric force in individuals both with and without Duchenne's muscular dystrophy and to provide interval-level data are definitive advantages over MMT.
improve clinical decision making and justify reimbursement.
These two studies, therefore, should encourage clinicians to experiment with new techniques for the measurement of isometric force for clinical documentation and research. Improved measurement systems are needed, as are multicenter studies using uniform, reliable, and precise measures for the study of the natural history of diseases such as muscular dystrophy. The integration of the traditional emphasis of force testing in children with muscular dystrophy with the substitution of contemporary measuremenc approaches will improve our present capabilities as physical therapists and ultimately advance the physical therapy profession. 
1991.
The intention of our study was not to design a protocol for widespread clinical use, but to evaluate a technique primarily for specific research applications. The advantages identified by Ms Cech, however, may encourage clinicians to examine the feasibility of the system in routine clinical practice. Replication of this study on a larger sample of children with and without Duchenne's muscular dystrophy would provide additional evidence for the external validity of the system. Clinical use of the strain gauge may ultimately provide a means to determine small changes in isometric muscle force, which, as Ms Cech stated, can provide clinicians with data to We are grateful for the opportunity to respond to the commentary by Cech and to offer some observations on the article by Bmssock et al.
In view of Cech's comments, we feel a need to clarify the relationship between the individual muscle strength measurements and the overall total muscle score discussed in our report. The Clinical Investigation of Duchenne Dystrophy (CIDD) Group was formed to evaluate promising treatments for Duchenne's Dystrophy (DD). At the time that the protocol was developed, all of the proposed treatments were systemic treatments;
Physical TherapyNolume 72, Number 2Pebmary 1992 124/43 that is, they should affect all muscles. In fact, all of the treatments that we subsequently tested were orally ingested pharmaceuticals. Thus, we needed a single, overall index to characterize the severity of the disease at any point in time. An index that was derived from the individual manual muscle testing measurements was attractive because of its intuitive nature and clinical relevance.
We began with the simplistic notion of arranging the grades from weakest (grade 0) to normal (grade 5), noting that there were 11 different grades, and simply assigning a numeric value of 0 to 10 to each grade. Taking an average across the 34 different muscles as our overall index, we then examined the characteristics of this overall index, both cross-sectionally and longitudinally during our study of the natural history of DD.'
We were pleasantly surprised that this index showed a linear decline with age. This decline seemed reasonable to us because DD is a progressive disease. The fact that the average rate of decline was essentially the same (ie, 0.4 unitso), regardless of the starting strength (age), made the design of subsequent therapeutic trials more straightforward.
Although we were pleased with these analyses, we then proceeded to determine whether this simple index could be improved.2 We applied the techniques of psychometric scale construction, in which the criteria for the index were that it be reliable and that it correlate well with age. Utilizing multiple-regression techniques, we examined whether a different system of assigning points to muscle grades would improve the index. We discovered that our original system, which used grades of 4S, 4, and 4W, did not function optimally, and we assigned seven points for all three grades (instead of 8, 7, and 6). Subsequently, we revised the grading system to subdivide the muscle strength grade 4 into 4+, 4, and 4-. This system is the one used in the current report and utilizes 8, 7, and 6 points. Apart from these changes, we were unable to find a different weighting that increased the correlation with age. We also asked the question, Would a system that weighted the different muscles differently improve the overall index? Again, much to our surprise, there was no significant improvement when we used the optimal weighting. Our original scheme was therefore retained, based on the criterion of parsimony.
The treatment of the total muscle score is based on its scale properties, not on the fundamental characteristics of the measurements that are components of that score. In this context, this scheme is similar to many standardized psychometric scales in which the raw score is constructed by counting the number of "correct" responses o r by combining other noninterval components. As Suppes and Zinnes have stated in their seminal article on measurement scales, The justification in the use of such instruments would then lie solely in the degree to which they are able to predict significant events, not as with most "normal" fundamental measures, in the homomorphism between an empirical system and a numerical system.3
The fact that this measure has both confirmed the ineffectiveness of leucine,4 nifedipine,5 mazindol," penicillamine? and azathiphrines and repeatedly demonstrated the effectiveness of prednisonea12 adds to its validity as a measure of the severity of DD. In all of these trials, the results of the analysis of the total muscle strength score were consonant with other measures, such as timed functional tests. As we have previously observed, however, the method is probably not a good choice if the intent of the examination is to evaluate a single treated muscle in comparison with a single untreated muscle-a study design currently being utilized to evaluate the use of myoblast transfers.ls
The methods of Brussock and colleagues appear to be promising for evaluating such single-muscle interventions. Unfortunately, the small numbers of subjects currently studied with the new techniques do not answer several critical questions, answers that are necessary if the technique is to be used to evaluate systemic therapy for patients with DD:
1. How to handle the increases in strength attributable to developmental gains, which is working in opposition to the DD deterioration for younger boys. This includes questions about the influence of changes in limb length and weight observed over extended clinical trials.
2. How to combine strength measurements across muscles to give an overall index of the severity of dysfunction.
3. How the muscle strength measurements relate to the severity of the disease. For example, is a change in the strength of a shoulder abductor from 0.5 to 1.0 kg equivalent to a change of from 6.0 to 6.5 kg, as an index of the severity of the disease?
We believe that Brussock and colleagues have made a minor error in attributing to Vignos (their reference #34) both the upper-and lowerextremity functional grade scales. We believe that only the lower-extremity scale is attributable to Vignos and that we introduced the upper-extremity scale.14 In addition, it should be noted that our goal was to document the change in disease status over time, not to document that boys with DD were weaker than boys without DD. We are currently involved in attempting to replicate the findings of Brussock and colleagues by applying their protocols on our patients and comparing the results with those obtained by our manual muscle strength grading. It is in this context that we have been challenged to obtain solutions to the problems mentioned previously so that the techniques can be used to evaluate therapeutic interventions over longer periods of time.
So order your In Touch course today. Because with everything we' ve left in, you don't want to be left out. 
